A linearized theory of the forced radial oscillations of a gas bubble in a liquid is presented. Particular attention is devoted to the thermal effects. It is shown that both the effective polytropic exponent and the thermal damping constant are strongly dependent on the driving frequency. This dependence is illustrated with the aid of graphs and numerical tables which are applicable to any noncondensing gas-liquid combination. The particular case of an air bubble in water is also considered in detail.
INTRODUCTION
In a recent work a new experimental technique was suggested which appears capable of permitting accurate measurements of the damping as well as other characteristics of the forced radial oscillations of a gas bubble in a liquid. t In the course of that study, it was realized that a clear and straightforward theory of this process sufficiently general to describe any noncondensing gas-liquid combination, and at the same time easily applicable to specific cases, was not available in the literature.
For example, the frequently quoted paper by Devin, 2 based on the earlier work of Pfriem, 3 conrains several approximations which, while affecting the applicability of the results obta/ned, can be very easily removed. In addition, the approach of these authors is based on an ad hoc Lagrangian formulation which tends to obscure the physical aspects oI the process. For these reasons it appeared appropriate to reconsider the problem anew, and to give a straightforward treatment of the small-amplitude forced oscillations of gas bubbles based on the conservation equations of continuum mechanics. In analogy with previous studies, •-s our analysis is based on the linearized formulation of the problem. However, we dispense with the approximation of uniform pressure inside the bubble, which was used in Refs. 2 and 3. It is found that pressure nonuniformflies may have interesting effects at very high frequency.
As is welt known, the aspect of this problem that tends to complicate the analysis is the thermal interaction of the bubble with the surrounding liquid. This effect determines the magnitude of the natural frequency of the bubble or, alternatively, of the effective polytropic exponent which is often used in a pressure-volume relationship to describe the oscillations. The thermal damping is also very important, because it normally is the dominant mechanism of energy dissipation. A secondary objective of this work is to present results for both these quantities in an easily accessible form. To this end we make use of the fact that, to a very good approximation, it is possible to combine the driving frequency, the bubble radius, and the relevant physical properties of gas and liquid into two dimensionless quantities, which are then used for the construction of charts and tables. In addition, the particular case of an air bubble in water is considered in detaft, and the functional dependence of the polytropic exponent and the damping on the driving frequency and the radius is shown.
We need not dwell here on the reasons of practical interest in bubble oscillations, which are amply documented in the references given below. It is sufficient to mention the fields of ultrasonic cavitation, sound propagation in the ocean, and the flow of bubbly liquids.
I. THE EQUATION OF MOTION FOR THE

OSCILLATIONS
We consider a spherical gas bubble in an unbounded liquid, subject to a steady sound field of wavelength that is large compared with the bubble radius. Under 
The value of the pressure P!. acting on the gas side of the bubble wall can only be obtained by solving the complete (linearized) fluid mechanical problem in the gas. For the time being, we assume that its deviation from the equilibrium value Pin,es is small so that, if we let Pi, = Pl,.,• + PoP(Ro, t), 
Ia this equation pg is the equilibrium density of the gas and the complex quantity q• is a function of co, R0, and the physical properlies of the liquid and the gas, and includes all thermal effects. Its discussion will be the object of Sec. II.
Rather than taking into account ia detail the processes occurring in the bubble interior, it is often convenient to make use of a pressare-volume relationship of the polytropic type and to describe the thermal losses by means of an ad hoe dissipative term which may be thought of as arising from an effectively increased liquid viscosity. The dependence of these quantities on the parameters of the problem can be readily deter- 
and the kinematical condition u(Ro, t)=dR/dr.
For this purely radial motion the tangential stresses vanish identically, so that the requirement of their continuity is trivially satisfied. The condition on the normal stresses, Eq. (1), has already been imposed.
It is now assumed that the time dependence of the various quantities is that of the sound field, so that the operator a/8I can be replaced by i•. In this way combining Eqs. (28) and (29) Table  A1 . Table A2 refers to the case G• = 10 'a. ß The entries corresponding to 5 < G• < 5 x 10 4 have been omitted since they coincide to the last digit given in the table with   those of Table A1 . For the sake of brevity a similar procedure has been adopted for G• =10 -s (Table A3) G, = 10 'a (Table A4) , and G• = 10 's (Table A5) •3The square root in the expression for Fi, 2 and the inner one 
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